Studies on the Reaction between Polynitrobenzene Compounds and Active
Methylene Groups. XI.1) Kinetic Study on the Janovsky Reaction of Trinitrobenzene with Cyclohexanone in Methanol2)
NOBORU OBI, HIROKO KAKIZAKI, and MICHIYA KIMURA Faculty of Pharmaceutical Sciences, Hokkaido University3) (Received January 27, 1972) The Janovsky reaction of 1,3,5-trinitrobenzene with cyclohexanone was studied kinetically.
The rate-determining step is the addition of cyclohexanonate anion to trinitrobenzene.
Kinetic and thermodynamic parameters are compared with those of the reaction with acetone.
And the mechanism of the Zimmermann reaction of m-dinitrobenzene is suggested.
In the preceding paper,1) it was shown that the rate-determining step of the Janovsky reaction of 1,3,5-trinitrobenzene (TNB) with acetone in methanol is not the deprotonation of acetone but the attack of acetonate ion to TNB, and the kinetic and thermodynamic parameters of the reaction were determined. The present paper has three main objects: first, the application of the kinetics to the Janovsky reaction with cyclohexanone; second, the comparison of the nature of the Janovsky complex of cyclohexanone with that of the Janovsky complex of acetone and with that of Meisenheimer complexes depending on the kinetic and thermodynamic parameters; third, the discussion on the mechanism of the Zimmermann reaction of in-dinitrobenzene.4) 
Result and Discussion
Sodium methoxide solution was added to a mixture of TNB and cyclohexanone in methanol and the change of the absorption spectrum was followed. Although instantaneously 1) Part X: N. Obi and M. Kimura, Chenz. Pharm. Bull. (Tokyo), 20, 2295 (1972 .
2) A part of this paper was presented at the Meeting of Hokkaido Branch of Pharmaceutical Society of Japan, Feb. 1968. 3) Location: Nishi-6-chome, Kita-12-jo, Sapporo, 060, Japan. 4) A review on Zimmermann reaction and Janovsky one has been described (T. Nambara, Japan Analyst (Bunseki Kagaku), 13, 184 (1964) ). 5) C.E. Garland and E.E. Reid, J. Am. Chem. Soc., 47, 2333 Soc., 47, (1925 (1) to (3) in Chart 1 may be satisfactry for the kinetics of the formation of I, where K and k designate the equilibrum constant and the rate one, respectively, and the suffix shows the number of equation and the direction of the reaction. Complex I and II are Meisenheimer type complexes-anionic o complexes8) and there have been several reviews on this field9) and all the equations in Chart 1 are reversible without doubt.
The rate of the formation of I may be given by equation (4). (4) is as follows: (4) is as follows:
In the experiment shown in Fig. 1 , 70, 667 (1970) .
followed according to equation (5) and the rate-determining step of the formation of I is the fonvard reaction of equation (3). Integration of equation (5) with considering the competition of reaction (1), gives the rate equation (7) as described previously,')
where [ ]st shows the stoichiometric concentration and in is as follows:
The concentration of I is obtained from equation (9) in analogy with the case in the preceding paper,') 10) The equilibrium constant K1 may be independent of the concentration of cyclohexanon. In practice, however, K1 was affected by medium composition. This is the same as the previous paper.1) Recently, a complex formation between TNB and hydroxide ion was studied quantitatively as a function of medium composition in part of the dimethylformamide-water solvent system.11) In this paper, it was reported that only a small content of dimethylformamide increased the equilibrium constant considerably.
In the present case, the increase in K1 may be ascribed to increased solvation of the large polarizable a complex(II) as the protic solvent (methanol) is replaced by the dipolar aprotic component(cyclohexanone).12)
Since acetone is a dipolar aprotic solvent,12) cyclohexanone may reasonably classified into this group. 11) E.A. Symons and E. Buncel, Can. J. Chem., 50, 1729 (1972 Fendler, and C.E. Griffin, J. Org. Chem., 34, 689 (1969). similar to the transition state to IV compared with the transition state of the decomposition of V to TNB. Complex I may be less orderly than V and may exist in the conformation somewhat apart from the transition state to III for the steric requirement of cyclohexanonyl group. The difference in the stability between I and V may be attributable to their conformations. It is worth remarking that the rate-determining step of the Janovsky reaction of TNB with cyclohexanone or acetone is the addition of the anion of active methylene compound to aromatic ring. Though cyclohexanone or acetone has not so large steric requirement in this reaction as fused ring active methylene compounds, for example 17-keto steroids, the rate-determining step is the addition step. This must mean that in general the rate-determining step of the Janovsky reaction of TNB is not the deprotonating step of active methylene compounds but the addition step. This may not be due to the ortho nitro groups, because they do not undergo steric inhibition of resonance in the transition state of aromatic nucleophilic substitution") and in practice the steric hindrance of two ortho nitro groups is not pronounced in Meisenheimer compound.17) In addition to this, m-dinitrobenzene is far less reactive than TNB. When the mechanism of the Janovsky reaction of m-dinitrobenzene is considered from these points of view, the rate-determining step must be the addition step, too. This speculation can reasonably be extended to the assumption that the rate-determining step of the Zimmermann reaction of m-dinitrobenzene is not the deprotonating step of active methylene compound, but the same step as the Janovsky reaction or the oxidizing step of the Janovsky complex. If the rate-determining step is the oxidizing step, the color initially developed in the Zimmermann reaction must be based on the Janovsky complex. But in practice it is not true and the absorption maximum coincides with the oxidized product which is the Zimmermann complex.19) Hence, it is concluded that the rate-determining step of the Zimmermann reaction of m-dinitrobenzene must be the addition step of the anion of active methylene compound. Nevertheless, another speculation has been reported on the mechanism of the Zimmermann reaction. Nambara inferred that in the simple ketone the rate-determining step is the deprotonation step and in the fused ring system such as oxosteroids the rate depends not only on the relative ease of deprotonation ofa-methylene but also on the steric requirement of bulky 2,4-dinitrophenyl group to be introduced.19a) Klyne described that rates of the Zimmermann reactions for some of the steroid ketones can be roughly correlated with their known properties on the basis of enolization as the rate-controlling step.19b) As these reports cited above are not based on the precise kinetic experiments, they are inadequate and further kinetic study on the Zimmermann reaction is now expected.
16) F. Pietra, Quart. Rev. (London), 23, 504 (1969) . 17) This has been shown by X-ray crystal analysis of VI.18) 18) H. Ueda, N. Sakabe, J. Tanaka, and A. Furusaki, Bull. Chem. Soc. Japan, 41, 2866 (1968 . 19) a) M. Kato, M. Ohnishi, and T. Nambara, Chem. Pharm. Bull. (Tokyo), 16, 2398 (1968) ; b) D.N. Kirk,
